Rietveld analysis of X-ray powder diffraction patterns recorded from 28 hydroxyapatite (HAp) samples containing various amounts of zinc (0, 1.6, 3.2 and 6.1 wt.% Zn) and heat treated at various temperatures (between 500°C and 1100°C) has enabled the Zn insertion mechanism into the HAp crystal structure to be finely characterized. The formation of Zn-doped HAp was achieved above 900°C only. Zn-doped HAp has the Ca 10 Zn x (PO 4 ) 6 (OH) 2À2x O 2x (0 < x 6 0.25) chemical composition with a constant Ca/P ratio of 1.67 due to the insertion mechanism into the hexagonal channel (partial occupancy of the 2b Wyckoff site with the formation of linear O-Zn-O entities). Samples heat treated at 500°C were almost single phase, HAp did not incorporate Zn and about half of the Zn atoms incorporated during the synthesis are not observable by X-ray powder diffraction (contained in an amorphous compound or physisorbed at the HAp surface). The reversible formation of Zn-doped b-TCP phase was observed at 600°C, reached its maximum content at 900°C and had almost vanished at 1100°C. The results presented here strengthen the recently described mechanism of Zn insertion in the interstitial 2b Wyckoff position of the HAp structure, and explain the origin of the contradictory reports in the corresponding literature.
Introduction
Apatites, Ca 10 (PO 4 ) 6 (F,Cl,OH) 2 , are a complex and diverse class of materials [1] which have gained increasing importance due to their biological role. One of the main constituents of bone and hard tissue in mammals is a calcium phosphate mineral whose structure closely resembles hydroxyapatite (HAp), Ca 10 (PO 4 ) 6 (OH) 2 . The socalled biological apatite refers to poorly crystallized non-stoichiometric carbonate-containing HAp. The inorganic content varies from 65% in bone to 90% in dental enamel [2] .
Because biological apatites are formed in biological conditions, they usually contain a large variety of doping elements (F, Si, Sr, Mg, etc.) that can also have some specific biological properties. The important role of zinc has been put forward in the recent literature [3] [4] [5] [6] . In effect, uptake and release of Zn in the body are strongly mediated by the bone reservoir, where the Zn content ranges from 125 to 250 ppm (against 28-33 ppm for the whole body) [6] . It has been demonstrated that zinc has a stimulatory effect on bone formation and mineralization in vivo and in vitro [7, 8] , and that Zn incorporation into implants promotes bone formation around the material [9] [10] [11] , improves biological properties [9, 12] decreases the inflammatory response [13, 14] , and has an antibacterial effect [15] .
In order to understand the mechanisms of incorporation of doping elements in HAp, and to correctly characterize natural and/or pathological nanocrystalline multi-substituted apatite materials, it is of great importance to perform detailed structural characterizations of substituted synthetic HAp. Our previous study has established the Zn location into the HAp structure [16] 
2-Materials and methods

Sol-gel elaboration
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